Identification and active expression of the Mycobacterium tuberculosis gene encoding 5-phospho-{alpha}-d-ribose-1-diphosphate: decaprenyl-phosphate 5-phosphoribosyltransferase, the first enzyme committed to decaprenylphosphoryl-d-arabinose synthesis.
Decaprenylphosphoryl-d-arabinose, the lipid donor of mycobacterial d-arabinofuranosyl residues, is synthesized from phosphoribose diphosphate rather than from a sugar nucleotide. The first committed step in the process is the transfer of a 5-phosphoribosyl residue from phosphoribose diphosphate to decaprenyl phosphate to form decaprenylphosphoryl-5-phosphoribose via a 5-phospho-alpha-d-ribose-1-diphosphate:decaprenyl-phosphate 5-phospho-ribosyltransferase. A candidate for the gene encoding this enzyme (Rv3806c) was identified in Mycobacterium tuberculosis, primarily via its homology to one of four genes responsible for d-arabinosylation of nodulation factor in Azorhizobium caulinodans. The resulting protein was predicted to contain eight or nine transmembrane domains. The gene was expressed in Escherichia coli, and membranes from the expression strain of E. coli but not from a control strain of E. coli were shown to convert phosphoribose diphosphate and decaprenyl phosphate into decaprenylphosphoryl-5-phosphoribose. Neither UDP-galactose nor GDP-mannose was active as a sugar donor. The enzyme favored polyprenyl phosphate with 50-60 carbon atoms, was unable to use C-20 polyprenyl phosphate, and used C-75 polyprenyl phosphate less efficiently than C-50 or C-60. It requires CHAPS detergent and Mg(2+) for activity. The Rv3806c gene encoding 5-phospho-alpha-d-ribose-1-diphosphate:decaprenyl-phosphate 5-phosphoribosyltransferase is known to be essential for the growth of M. tuberculosis, and the tuberculosis drug ethambutol inhibits other steps in arabinan biosynthesis. Thus the Rv3806c-encoded enzyme appears to be a good target for the development of new tuberculosis drugs.